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Description 



MULTISTAGED AMPLIFICATION CIRCUIT 

CROSSREF 

[0001] CROSSREF 

[0002] This application is a continuation under 35 U.S.C. §120 of 
co-pending International Application PCT/JP02/03619 
filed on April 11, 2002 entitled "Multistaged Amplification 
Circuit", the entire contents of which are incorporated 
herein by reference, and for which priority is claimed un- 
der 35 U.S.C. §119 to Japanese patent application no. 
2001-116418, filed on April 16, 2001. 
BACKGROUND 

[0003] The present invention relates to a multistaged amplifica- 
tion circuit. In particular, it is suitable for use for multi- 
staged amplification circuits commonly having a constant 
current source for bias at each stage. 

[0004] Generally speaking, electronics devices receiving and pro- 
cessing an RF (Radio Frequency) signal, such as a radio 
receiver, a cellular phone, a codeless phone, a television 



receiver, a car navigation system, or a game machine with 
communication functions, use a differential multistaged 
amplification circuit (for example, a limiter amplifier, etc.) 
that enables high gain by multistaged cascade connection 
of differential amplifiers, in order to regenerate a received 
small input signal as a square wave. 

[0005] There are two types of multistaged amplification circuit: 
one is a multistaged amplification circuit that individually 
connects a constant current source for a bias to a differ- 
ential amplifier at each stage, and the other is a multi- 
staged amplification circuit that commonly connects one 
constant current source to a differential amplifier at each 
stage. The constant current source is of a larger scale 
than other components, and the current consumed is also 
greater. Therefore, when attempting miniaturization or 
reduction of current consumed, a multistaged amplifica- 
tion circuit that causes the constant current source to be 
held individually at each stage is not suitable. Thus, a 
multistaged amplification circuit that commonly connects 
the constant current source to each stage should be used. 

[0006] FIG. 1 is a diagram to indicate the structure of a conven- 
tional limiter amplifier that commonly has a constant cur- 
rent source at each stage. As shown in FIG. 1, a limiter 



amplifier is composed of n differential amplifiers 1, 2, and 
3 connected in a multistaged manner to the output side 
from the input side. Each differential amplifier 1, 2, and 3 
is composed of differential pairs comprising two resis- 
tances Ril and Ri2 (i = l to n) and two transistors Qil and 
Qi2 (i = l to n), and transistors Qi (i = l to n) switching be- 
tween such differential pairs. 
[0007] | n the individual differential pairs, the mutual sources of 
two transistors Qil and Qi2 (i=l to n) are commonly con- 
nected, and each drain of the transistor Qi (i = l to n) is 
connected with such common sources. Additionally, the 
drains of the transistors Qil and Qi2 (i = l to n) are com- 
monly connected with power VDD, via the resistances Ril 
and Ri2. 

[0008] Also, output signals Vouti (i=l to n-1) from differential 
amplifiers at previous stages are inputted to the gates of 
each transistors Qil and Qi2 except for a differential am- 
plifier 1 at the initial stage. An input signal Vin is inputted 
to the gates of each transistor Qil and Q12 of the differ- 
ential amplifier 1 at the initial stage. 

[0009] The source of each transistor Qi is commonly grounded 
via a ground line 5. Additionally, the gate of each transis- 
tor Qi is connected to the constant current source 4. Fur- 



thermore, the gate of transistor Ql is connected to the 
constant current source 4. And such transistor Ql and 
each transistor Qi are connected by a current mirror. 

[0010] | n the structured limiter amplifier mentioned above, the 
signal Vin inputted to the transistors Qll and Q12 of the 
differential amplifier 1 at the initial stage is amplified only 
at a predominated level and outputted. In this circuit, the 
transistor 11 is outputted in an antiphase manner, and the 
transistor Q12 is outputted in phase in a common mode 
manner. The signal Voutl amplified and outputted here is 
inputted to each base of transistors Q21 and Q22 of a dif- 
ferential amplifier 2 at the second stage, further amplified 
and outputted to in the differential amplifier 2. 

[0011] jhe same applies hereinafter. That is to say, the signal is 
amplified in sequence by the differential amplifiers 1, 2, 
and 3 at each stage. Due to this, the amplitude of the in- 
put signal Vin to the differential amplifier 1 at the initial 
stage becomes larger as it reaches subsequent stages. 
And the output signal Vout amplified to a predominated 
level is ultimately obtained. 

[0012] | n the multistaged amplification circuit where a plurality of 
differential amplifiers are connected in a multistaged 
manner, when the constant current source is prepared 



commonly at each stage, such constant current source is 
normally arranged on the input side or the output side of 
the multistaged amplification circuit. Thus, for example, 
when the current constant source 4 is arranged on the in- 
put side as in FIG. 1, the wire length of the ground line 5 
from the constant current source 4 to the differential am- 
plifiers 1, 2, and 3 becomes longer as it goes to the sub- 
sequent stages. 

[0013] Furthermore, the transistors Qi of each differential ampli- 
fier 1, 2, and 3 are grounded through the common ground 
line 5. Thus, distributed resistance, which becomes larger 
when going to subsequent stages, occurs on such ground 
line 5. Due to such distributed resistance, a voltage drop 
occurs, which becomes larger when going to subsequent 
stages, the ground level of each transistor Qi is not equal, 
and the balance of the current mirror is broken. There- 
fore, an appropriate amount of current cannot be supplied 
to the differential amplifiers 1, 2, and 3 at each stage in a 
well-balanced manner, and linearity with good input and 
output characteristics of the limiter amplifier cannot be 
preserved. 

[0014] Also, when the multistaged amplification circuit, such as 
the limiter amplifier, operates in the high frequency area, 



and the wiring length becomes longer, the operation be- 
comes accordingly unstable. Simultaneously, noise is eas- 
ily superposed on the RF signal. The present invention has 
been made in order to resolve such difficulties. The pur- 
pose of the present invention is to preserve the good lin- 
earity of the differential amplifiers in a multistaged ampli- 
fication circuit where differential amplifiers are connected 
in a multistaged manner, and to realize stability of opera- 
tions and reduction of noise. 
BRIEFSUMM 

[0015] a multistaged amplification circuit of the present inven- 
tion comprises a differential amplification circuit, 
equipped with n differential amplifiers that are connected 
in a multistaged manner and that amplify and output an 
input signal from a previous stage to a following stage; a 
plurality of transistors connected to said n differential 
amplifiers that are connected in a multistaged manner, 
and connected to one constant current source by a current 
mirror; and wherein said plurality of transistors are ar- 
ranged collectively on the side of said constant current 
source. 

[0016] | n one aspect of the invention, the constant current source 
is arranged on either an input side or an output side of 



said differential amplification circuit. 

[0017] | n another aspect of the invention, the constant current 

source is arranged almost in the center of said n differen- 
tial amplifiers connected in a multistaged manner. 

[0018] | n another aspect of the invention, the plurality of transis- 
tors are grounded to the same place via separate ground 
lines. 

[0019] in another aspect of the invention, a differential amplifica- 
tion circuit comprises a differential amplification circuit, 
equipped with n differential amplifiers that amplify and 
output an input signal from a previous stage to a follow- 
ing stage, and that are connected in a multistaged man- 
ner; a plurality of transistors connected to a plurality of 
differential amplifiers and one constant current by a cur- 
rent mirror for every group into which said n plurality of 
differential amplifiers are divided; and wherein said plu- 
rality of transistors are arranged collectively on the side of 
the constant current source for every said group. 

[0020] in another aspect of the invention, a multistaged amplifi- 
cation circuit of the present invention comprises a differ- 
ential amplification circuit, equipped with n differential 
amplifiers that amplify and output an input signal from a 
previous stage to a following stage, and that are con- 



nected in a multistaged manner; a plurality of transistors 
connected to said n differential amplifiers that are con- 
nected in a multistaged manner, and that are connected 
to one constant current source by a current mirror; and 
wherein said plurality of transistors are grounded to the 
same place via separate ground lines. 

[0021] Based on the structure of the technical means above, the 
present invention enables the shortening of the wiring 
length between the constant current sources and a plural- 
ity of transistors. Thus, the distributed resistance occur- 
ring on the wiring and the voltage drop become as small 
as possible, and irregularities of the ground level among a 
plurality of transistors is suppressed. 

[0022] Additionally, when the constant current source is arranged 
almost in the center of plurality of differential amplifiers 
that are connected in a multistaged manner, the wiring 
lengths between such plurality of transistors and each dif- 
ferential amplifier responding thereto become shorter. 
Thus, it enables the current to be supplied over the short- 
est possible distance and in a well-balanced manner from 
the constant current source to the differential amplifica- 
tion circuit via each transistor. 

[0023] Also, when a plurality of transistors are grounded to the 



same place via separate ground lines, no distributed re- 
sistance that becomes larger when going to subsequent 
stages of the differential amplifiers connected in a multi- 
staged manner occurs, and occurrence of a voltage drop 
can be suppressed. 
DESCDRAWINGS 

[0024] FIG. 1 is a diagram showing the structure of a conven- 
tional multistaged amplification circuit. 

[0025] FIG. 2 is a diagram showing the structure of a multistaged 
amplification circuit of the first embodiment. 

[0026] FIG. 3 is a diagram showing the structure of a multistaged 
amplification circuit of the third embodiment. 
DETAILEDDESC 

[0027] (First embodiment) The first embodiment of the present 
invention is hereinafter explained with reference to the 
drawing. 

[0028] FIG. 2 is a diagram showing an example of construction of 
a multistaged amplification circuit (limiter amplifier) ac- 
cording to the first embodiment. 

[0029] | n addition, for the components in FIG. 2 that are the 

same as those in FIG. 1, the same references are attached 
thereto. 



[0030] As shown in FIG. 2, the limiter amplifier of this embodi- 
ment is composed of, n differential amplifiers 1, 2, and 3 
constructed in a multistaged manner from the input side 
to the output side. Each differential amplifier 1, 2, and 3 is 
composed of differential pairs comprising two resistances, 
Ril and Ri2 (i = l to n) and two transistors Qil and Qi2 
(i = l to n), and transistors Qi (i = l to n) switching between 
such differential pairs. 

[0031] | n the individual differential pairs, the mutual sources of 
two transistors Qil and Qi2 (i=l to n) are commonly con- 
nected, and each drain of the transistors Qi (i = l to n) is 
connected with such common sources. Additionally, the 
drains of the transistors Qil and Qi2 (i = l to n) are com- 
monly connected with power VDD, via the resistances Ril 
and Ri2. 

[0032] Also, except for a differential amplifier 1 at the initial 
stage, output signals Vouti (i=l to n-1) are inputted to 
the gates of transistors Qil and Qi2 from differential am- 
plifiers at previous stages.. An input signal Vin is inputted 
to the gates of transistors Qil and Q12 of the differential 
amplifier 1 at the initial stage. 

[0033] The source of each transistor Qi is grounded to the same 
place via separate ground lines 6, 7, and 8. Also, the gates 



of all transistors Qi are commonly connected to the con- 
stant current source 4. Furthermore, the gate of transistor 
Ql is connected to the constant current source 4 as well. 
Such transistor Ql and each transistor Qi are connected 
by a current mirror. Due to this, the current can be sup- 
plied to each of the differential amplifiers 1, 2, and 3 from 
the constant current source 4 in a well-balanced manner. 

[0034] | n t he structured limiter amplifier mentioned above, the 
signal Vin inputted to the transistors Qll and Q12 of the 
differential amplifier 1 at the initial stage is amplified at a 
predominated level and outputted. In this circuit, the 
transistor Qll is outputted in an anitiphase manner, and 
the transistor Q12 is in phase outputted in a common 
mode manner. The signal Voutl amplified and outputted 
here is inputted to the bases of transistors Q21 and Q22 
of a differential amplifier 2 at the second stage, further 
amplified and outputted to in the differential amplifier 2. 

[0035] The same applies hereinafter. That is to say, the signal is 
amplified in sequence by the differential amplifiers 1, 2, 
and 3 at each stage. Due to this, the amplitude of the in- 
put signal Vin to the differential amplifier 1 at the initial 
stage becomes larger as it reaches subsequent stages. 
And the output signal Vout amplified to a predominated 



level is ultimately obtained. 

[0036] | n this embodiment, a plurality of transistors Qi connected 
to the sources of each differential pair are collectively ar- 
ranged on an input side as closely to the constant current 
source 4 as possible. Thus, the wiring length of the 
ground lines 6, 7, and 8 can be shortened compared with 
the conventional ground line 5. Furthermore, each tran- 
sistor Qi is grounded to the same place via separate 
grounds lines 6, 7, and 8. Due to this, the distributed re- 
sistance, which becomes larger when going to a subse- 
quent stage of the differential pairs connected in a multi- 
staged manner, can be reduced, and a voltage drop be- 
tween the differential pairs can be suppressed. 

[0037] D ue t0 this, the current can be supplied from the constant 
current source 4 to all transistors Qi without breaking the 
balance of the current mirror, and further, efficiently and 
over the shortest possible distance. Thus, regarding the 
input and output characteristics of the limiter amplifier, 
good linearity can be preserved. Additionally, since the 
wiring length from the constant current source 4 to each 
transistor Qi is shortened, the operations can be stabi- 
lized even when using the RF signal. Also, the unfavor- 
ableness that noise is superposed on the signal can be 



suppressed. 

[0038] | n addition, the example of FIG. 2 implements both of the 
following cases: where the plurality of transistors Qi, 
which are connected to the sources of each differential 
pair, are collectively arranged on the input side as closely 
as possible to the constant current source 4; and where 
each transistor Qi is grounded to the same place via sepa- 
rate grounds lines 6, 7, and 8. However, even if only one 
of the above applies, it is possible to expect a certain ef- 
fect. 

[0039] jhat is to say, even only given the condition that the plu- 
rality of transistors Qi are collectively arranged on the side 
of the constant current source 4, the wiring length of the 
ground lines between the constant current source 4 and 
each transistor Qi can be shortened, and the distributed 
resistance and a voltage drop can be as small as possible. 
Therefore, compared with the conventional art, good lin- 
earity can be preserved, and stability of operations in the 
high frequency area and reduction of noise can be 
achieved. 

[0040] on the other hand, even only given the condition that 

each transistor Qi is grounded to the same place via sepa- 
rate grounds lines 6, 7, and 8, the distributed resistance, 



which becomes larger when going to a subsequent stage 
of the differential amplifiers connected in a multistaged 
manner, can be substantially eliminated. Therefore, oc- 
currence of a voltage drop can be suppressed, and good 
linearity can be preserved. 
[0041] (Second embodiment) Next, the second embodiment of 
the present invention is hereinafter explained based on 
the drawing. 

[0042] FIG. 3 is a diagram showing an example of construction of 
the multistaged amplification circuit (limiter amplifier) ac- 
cording to the second embodiment. In addition, for the 
components in FIG. 3 that are the same as those in FIG. 1 
and FIG. 2, the same references are attached thereto. 

[0043] As shown in FIG. 3, the limiter amplifier of this embodi- 
ment is composed of n differential amplifiers 1, 2, and 3 
connected in a multistaged manner to the output side 
from the input side. Each differential amplifier 1, 2, and 3 
is composed of differential pairs comprising two resis- 
tances, Ril and Ri2 (i=l to n) and two transistors Qil and 
Qi2 (i = l to n), and transistors Qi (i = l to n) switching be- 
tween such differential pairs. 

[0044] | n the individual differential pairs, the sources of two 
transistors Qil and Qi2 (i = l to n) are commonly con- 



nected, and each drain of the transistors Qi (i = l to n) is 
connected with such common sources. Additionally, the 
drains of the transistors Qil and Qi2 (i = l to n) are com- 
monly connected with power VDD, via the resistancesRil 
and Ri2. 

[0045] Also, from differential amplifiers at previous stages, out- 
put signals Vouti (i = l to n-1) are inputted to the gates of 
transistors Qil and Qi2 except for a differential amplifier 
1 at the initial stage. An input signal Vin is inputted to the 
gates of transistors Qil and Q12 of the differential am- 
plifier 1 at the initial stage. 

[0046] The source of each transistor Qi is grounded to the same 
place via separate ground lines 6, 7, and 8. Also, the gates 
of all transistors Qi are commonly connected to the con- 
stant current source 4. Furthermore, the gate of transistor 
QI is connected to the constant current source 4 as well. 
Such transistor QI and each transistor Qi are connected 
by a current mirror. Due to this, the current can be sup- 
plied to each of the differential amplifiers 1, 2, and 3 from 
the constant current source 4 in a well-balanced manner. 

[0047] Regarding the limiter amplifier structured as above, the 
signal Vin inputted to the transistors Qil and Q12 of the 
differential amplifier 1 at the initial stage is amplified and 



outputted only at a predominated level. In this circuit, the 
transistor Qll is outputted in an antiphase manner, and 
the transistor Q12 is outputted in phase in a common 
mode manner. The signal Voutl amplified and outputted 
here is inputted to the base of the transistors Q21 and 
Q22 of the differential amplifier 2 at the second stage, 
and is further amplified and outputted in the such differ- 
ential amplifier 2. 

[0048] The same applies hereinafter. That is to say, the signal is 
amplified in sequence by the differential amplifiers 1, 2, 
and 3 at each stage. Due to this, the amplitude of the in- 
put signal Vin to the differential amplifier 1 at the initial 
stage becomes larger as it reaches subsequent stages. 
And the output signal Vout amplified to a predominated 
level is ultimately obtained. 

[0049] | n this embodiment, the constant current source 4 is ar- 
ranged almost in the center of each differential pair con- 
nected in a multistaged manner. In addition, since the 
plurality of transistors Qi, which are connected to the 
sources of each differential pair, are collectively arranged 
on the center side as closely as possible to the constant 
current source 4, the wiring length of the ground lines 6, 
7, and 8 can be shortened compared with the conven- 



tional ground line 5. Furthermore, each transistor Qi is 
grounded to the same place via separate ground lines 6, 
7, and 8. Due to this, the distributed resistance, which be- 
comes larger when going to a subsequent stage of the 
differential pairs connected in a multistaged manner, can 
be eliminated, and a voltage drop between differential 
pairs can be suppressed. 

[0050] D ue to this, the current can be supplied from the constant 
current source 4 to all transistors Qi without breaking the 
balance of the current mirror, and further, efficiently and 
over the shortest possible distance. Thus, regarding the 
input and output characteristics of the limiter amplifier, 
good linearity can be preserved. 

[0051] Additionally, in the embodiment, the current can be also 
supplied from each transistor Qi to each differential am- 
plifier 1, 2, and 3 responding thereto, efficiently and over 
the shortest possible distance. Thus, the operations in the 
high frequency area can be always stabilized, and occur- 
rence of noise can be further suppressed. 

[0052] | n addition, the example of FIG. 3 implements both of the 
following cases: where the plurality of transistors Qi, 
which are connected to the sources of each differential 
pair, are collectively arranged on the input side as closely 



as possible to the constant current source 4; and where 
each transistor Qi is grounded to the same place via sepa- 
rate grounds lines 6, 7, and 8. However, even if only one 
of the above applies, it is possible to expect a certain ef- 
fect. 

[0053] Additionally, in the first and second embodiments men- 
tioned above, nMOS transistors are used as transistor ele- 
ments composed of a multistaged amplification circuit. 
The multistaged amplifier may be structured by using 
pMOS transistors. 

[0054] Also, the aforementioned embodiments have shown a cir- 
cuit that commonly has one constant current source to the 
n differential amplifiers 1, 2, and 3. However, the present 
invention is not limited thereto. For example, the n differ- 
ential amplifiers 1, 2, and 3 may be divided into a plurality 
of groups, and a constant current source may be prepared 
for every group. In such case, the plurality of transistors 
connected to the plurality of differential amplifiers and 
one constant current source by a current mirror are col- 
lectively arranged on the side of each constant current 
source. 

[0055] The embodiments explained above have shown only one 
example of the possible incarnations upon implementing 



the present invention. This should not cause the technical 
scope of the present invention to be restrictively inter- 
preted. That is to say, the present invention can be imple- 
mented in various forms, without deviating from the spirit 
or the main characteristics thereof. 

[0056] As explained above, regarding the present invention, the 
plurality of transistors, which are connected to the n dif- 
ferential amplifiers connected in a multistaged manner, 
and the constant current source by a current mirror, are 
arranged collectively on the side of the constant current 
source, the wiring length between the constant current 
source and the plurality of transistors can be shortened to 
the utmost, and the distributed resistance occurring on 
the wiring and the voltage drop become as small as possi- 
ble. Due to this, the current can be supplied from the 
constant current source to all transistors without breaking 
the balance of the current mirror. Thus, regarding the in- 
put and output characteristics of the multistaged amplifi- 
cation circuit, good linearity can be preserved. Also, this 
can improve the stability of the circuit, and restrict the 
unfavorableness that noise is superposed on the wiring. 

[0057] According to another aspect of the present invention, the 
constant current source is arranged almost in the center 



of the plurality of differential amplifiers connected in a 
multistaged manner. Thus, the wiring length between the 
plurality of transistors and each of the differential ampli- 
fiers responding thereto is also shortened, and the current 
can be supplied from the constant current source to the 
differential amplification circuit via each transistor at the 
shortest possible distance and in a well-balanced manner. 
Also, this can accurately restrict the unfavorableness that 
noise is superposed on the wiring. Furthermore, this en- 
ables improvements of the stability of the circuit. 
[0058] According to another aspect of the present invention, 
since each transistor is grounded to the same place via 
separate grounds lines, no distributed resistance, which 
becomes larger when going to a subsequent stage of the 
differential amplifiers connected in a multistaged manner, 
can occur. Therefore, the occurrence of a voltage drop can 
be suppressed. Due to this, the current can be supplied 
from the constant current source to all transistors without 
breaking the balance of the current mirror, and further, at 
the shortest possible distance. Thus, regarding the input 
and output characteristics for the multistaged amplifica- 
tion circuit, good linearity can be preserved. 
INDUSTRIAL APPLICABILITY 



[0059] The present invention is useful in that good linearity can 
be preserved, and stability of operations and reduction of 
noise can be realized regarding a multistaged amplifica- 
tion circuit where the differential amplifiers are connected 
in a multistaged manner. 



